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Preface 


The  Air  Force  has  a  need  to  conserve  energy  and  to 
correct  the  power  factor  on  electric  motors.  This  need 
brought  about  a  thesis  topic.  It  was  proposed  that  a 
graduate  student  do  an  economic  analysis  of  the  "NOLA"  Power 
Factor  Motor  Controller  and  the  effects  the  controller  may 
have  on  the  power  circuits.  A  computerized  motor  and 
controller  simulation  would  be  used  to  produce  the  economic 
analysis  and  effects  on  the  power  circuit. 

I  chose  this  thesis  topic  because  I  have  an 
undergraduate  background  in  power  systems  and  a  desire  to 
better  understand  these  systems.  In  this  thesis  I  develop  a 
digital-analog  simulation  model  for  the  motor  and  controller 
and  implement  them  on  the  computer.  The  data  from  the 
simulation  is  used  to  make  the  economic  analysis  and  to 
determine  the  effects  on  the  power  system. 

I  would  like  to  thank  Dr.  Frederick  Brockhurst  for  his 
guidance  throughout  all  stages  of  the  thesis  effort.  I 
would  also  like  to  thank  my  wife  for  transcribing  the  rough 
draft  and  for  her  tolerance  of  me  during  the  preparation  oi 
this  thesis. 


Roy  D.  McMastor 


y  Abstract 

An  economic  analysis  of  the  fNOLA>  Power  Factor  Motor 


Controller  is  accomplished  and  the  effects  of  the  harmonics 
produced  by  the  controller  are  studied.  The  controller  is 
placed  in  series  with  each  leg  of  various  sizes  of 
wye-connected  three-phase  motors.  The  energy  saved  by  the 
controller,  the  power  factor  correction,  and  the  reflected 
harmonics  under  varying  load  conditions  are  studied  to 
determine  the  economic  advantages.  Also  the  data  from  the 
controlled  motor  is  compared  to  an  energy  efficient  motor. 

An  analog-digital  computer  program  is  developed  which 
models  an  induction  motor  and  the  tNOLAf  controller.  The 
computer  model  is  used  to  determine  and  analyze  the 
reflected  wave  shape  produced  by  the  controller. 

The  results  of  the  study  indicates  that  the  energy 
efficient  motor  is  the  most  cost  effective  alternative  at 
the  present  time  because  of  the  high  initial  cost  of  the 
"NOLA"  controller.  Continued  studies  are  recommended  to 


determine  the  effects  of  the  higher  harmonics. 
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I.  Introduction 


Background 

In  the  last  few  years  the  public  and  industrial  interest 
has  turned  to  conserving  energy  due  to  the  increase  in  cost 
of  a  barrel  of  oil  from  about  four  dollars  in  the  early 
1970's  to  over  thirty  dollars  in  1980.  This  increase  in 
energy  cost  led  to  the  invention  and  development  of  a  power 
factor  motor  controller  by  Frank  Nola,  an  aerospace  engineer 
working  at  the  National  Aeronautics  and  Space 
Administration's  Marshall  Space  Flight  Center  in  Huntsville, 
Alabama . 

"By  interrupting  the  voltage  applied  to  the  motor  during 
portions  (Alpha  electrical  degrees)  of  each  half  cycle,  the 
NOLA  controller  attempts  to  achieve  an  essentially  constant 
power  factor  operation.  This  results  in  lower  core  and 
winding  losses,  improving  the  efficiency  of  the  Machine." 

The  power  factor  controller  (PFC)  has  been  tested  on  over  50 
motors  at  the  Marshall  Space  Flight  Center  and  has  shown 
energy  savings  ranging  from  0  to  10  percent  at  rated  load 
and  up  to  75  percent  at  no  load  (Ref.  1:  197).  Typical 
percentage  savings  versus  load  for  two  3 -phase  motors  and  a 
single  phase  motor  are  shown  in  figure  1  (Ref.  1:  197). 

Other  hardware  test  results  are  illustrated  in  Reference  1? 
therefore,  the  purpose  of  this  thesis  was  not  to  test  the 
validity  of  the  controller,  but,  rather,  to  conduct  an 
economic  analysis  of  the  cost  of  using  the  controller  with 
conventional  induction  motors  versus  the  cost  of  using  high 
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efficiency  induction  motors. 


To  conduct  the  economic  analysis,  it  was  necessary  to 
have  some  way  of  obtaining  real  and  reactive  power 
consumption  by  the  motor  for  a  variety  of  load  conditions, 
both  with  and  without  the  NOLA  controller.  Therefore  a 
computer  model  of  the  PFC  ana  motor  was  developed  and  used 
to  generate  the  data  required  to  determine  the  economic 
advantages  of  using  the  PFC  and  it's  effects  on  the  power 
system. 

A  secondary  objective  was  to  investigate  the  nature  of 
the  harmonics  impressed  on  the  power  system  by  the  PFC. 

Approach 

The  induction  motor  was  modelled  by  an  equivalent 
circuit  and  the  mesh  equations  for  the  circuit  were  derived 
The  equations  were  put  into  a  form  suitable  for  solution  on 
an  analog  computer  and  the  analog  computer  was  then 
simulated  on  a  digital  computer.  This  technique  is 
here-after  referred  to  as  the  analog-digital  simulation. 

The  motor  was  then  coupled  to  the  model  for  the  PFC.  Power 
requirements  were  obtained  for  a  variety  of  operating 
conditions  both  with  and  without  the  controller  for  both 
conventional  and  energy  efficient  motors.  These  results 
were  then  used  to  conduct  an  economic  analysis  of  each  of 
the  different  possibilities. 

Assumptions 

The  primary  assumption  underlying  this  approach  is  that 
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the  computer  simulation  of  PFC  and  induction  motor  provides 
reasonably  accurate  estimates  of  the  real  and  reactive  power 
requirements  of  the  machine.  Clearly  the  cost  comparisons 
are  only  as  valid  as  the  data  used  to  generate  them. 
Fortunately,  machine  modeling  techniques  are  well 
established  and  have  been  validated  over  the  years.  In 
addition,  results  obtained  from  the  model  compared  closely 
to  manufacturers'  test  results.  The  parameters  used  in  the 
models  were  obtained  from  manufacturers'  data.  Additional 
assumptions  regarding  costs  (motors,  electricity,  and 
controller)  as  well  as  period  of  operation  were  required  to 
conduct  the  economic  analysis.  These  are  described  in 
detail  in  Chapter  V. 


Sequence  of  Presentation 

Chapter  II  describes  the  theory  of  operation  of  the  PFC 
and  how  it  was  modelled  in  the  computer  program.  Chapter 

III  describes  the  equivalent  circuit  of  the  induction 
machine  and  presents  a  derivation  of  the  equations  required 
for  the  analog  computer  simulation  of  the  machine.  Chapter 

IV  describes  the  over-all  analog-digital  simulation  of  the 
PFC  and  induction  motor.  Chapter  V  gives  the  assumptions 
and  methods  used  to  conduct  the  economic  analysis.  The 
final  chapter  contains  conclusions  and  recommendations. 

There  are  seven  appendices.  Appendix  A  contains  the 
digital  program  to  determine  equivalent  circuit  parameter 
values  and  Alpha  values  for  controlled  states.  Appendix  B 
contains  the  tables  listing  the  input/output  data  for  motor 
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elements  and  Alpha  values.  Appendix  C  is  the  FORTRAN 
listing  of  the  analog-digital  simulation  of  the  PFC  and 
motor.  Appendix  D  contains  figures  showing  the  reflected 
waves  of  the  controlled  motors.  Appendix  E  presents  a 
sampling  of  harmonic  data  from  a  Fast  Fourier  Transform. 
Appendix  F  contains  the  calculations  and  tables  used  in  the 
economic  analysis.  Finally,  Appendix  G  contains  tables 
showing  comparisons  of  actual  motor  data  and  the  simulated 
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Figure  1 


II  Computer  Simulation  of  the 
"NOLA"  Power  Factor  Controller 

The  "NOLA"  Power  Factor  Controller,  here  after  referred 
to  as  the  PFC,  is  placed  in  series  with  each  phase  of  a 
wye-connected  three  phase  induction  motor.  The  PFC  corrects 
the  power  factor  and  reduces  the  power  losses  within  the 
motor  when  the  motor  is  operated  at  less  than  full  load. 
Although  the  PFC  is  an  electronic  control  system,  it  is 
modelled  as  an  opened  or  closed  switch  (TRIAC)  in  Subroutine 
V3C0NT. 

This  chapter  begins  with  a  brief  discussion  of  the 
PFC ' s  theory  of  operation  as  presented  by  the  inventor. 

This  is  followed  by  how  the  PFC  is  modelled  for  computer 
simulation. 

PFC  Theory  of  Operation 

The  PFC  is  an  electronic  circuit  that  monitors  and 
controls  the  terminal  voltage  and  the  phase  angle,  or  power 
factor,  of  the  current  applied  to  the  motor. 

The  PFC  senses  the  line  voltage  and  current  and 
produces  a  voltage  proportional  to  the  phase  angle 
between  the  two.  This  voltage  is  summed  with  a 
reference  voltage  that  is  indicative  of  a  desired 
phase  angle.  The  difference  in  these  two  voltages 
is  an  error  voltage  which,  after  conditioning, 
controls  the  turn-on  or  firing  angle  of  a  solid 


state  switch  (TRIAC)  that  is  in  series  with  the 
motor  (see  Figure  2).  The  TRIAC  is  turned  on  for 
a  portion  of  each  half  cycle  as  in  a  typical  phase 
control  circuit  such  as  used  in  a  light  dimmer 
switch.  This  varies  the  applied  voltage  to  the 
motor  as  a  function  of  the  load  and  forces  the 
phase  angle  between  voltage  and  current  to  remain 
constant,  within  the  limits  of  the  motor,  at  the 
commanded  value  regardless  of  changes  in  load. 

Thus,  by  controlling  the  magnitude  of  the  motor 
terminal  voltage  to  only  that  necessary  to  over 
come  torques  attendent  to  less  than  fully  loaded 
conditions,  the  losses  associated  with  full  line 
voltage  are  minimized  (Ref  1:194). 

Computer  Simulation  of  PFC 

As  mentioned  in  the  opening  paragraph  of  this  chapter, 
the  PFC  is  modelled  as  an  opened  or  closed  switch  which  is 
switched  open  when  the  current  approaches  zero.  The  switch 
will  stay  open  for  a  preset  period  of  time  which  is  called 
Alpha.  Typical  results  of  the  switching  action  on  the 
current  and  voltage  are  shown  in  Figure  3. 

The  logic  of  the  3-phase  voltage  controller,  subroutine 
V3C0NT,  determines  the  correct  position  of  the  switch  of 
each  phase  independently  and  is  the  same  for  each  phase. 
Therefore,  only  one  phase  of  the  three-phase  controller  will 
be  explained.  A  "Mini"  flow  chart  for  subroutine  V3C0NT  is 
shown  in  Figure  4. 


The  logic  for  phase  one  is  as  follows:  Check  the 
position  of  the  switch.  If  the  switch  is  closed  then  see  if 
the  preset  point  counter  value  has  been  exceeded.  If  the 
point  counter  value  has  not  been  exceeded,  then  the 
controller  will  skip  all  other  tests  on  phase  one  and  will 
not  change  the  position  of  the  switch.  The  point  counter 
test  allows  the  current  time  to  leave  zero  value  once  the 
switch  is  closed.  If  the  preset  counter  value  is  exceeded 
then  the  magnitude  of  the  current  is  sampled.  If  the 
current  is  less  than  one  tenth  of  an  ampere  then  the  current 
is  approaching  a  zero  crossing  and  the  switch  will  be  opened 
for  the  preset  time  of  Alpha.  When  the  switch  is  opened  the 
voltage  and  current  are  set  to  equal  zero  and  the  point 
counter  is  reset.  The  switch  is  closed  then  the  above  tests 
are  repeated  until  another  current  zero  crossing  is  sensed. 


Figure  3 

Reflected  Voltage  and  Current  Wave  for 
5  Horse  Power  Energy  Efficient  with  AL 


Ill  Mesh  Analysis  of  a  Wye-Connected  Induction  Motor 

A  mesh  analysis  of  the  par-phase  equivalent  circuit  of 
a  wye-connected  induction  motor  is  used  to  determine  the 
currents  within  each  portion  of  the  motor. 

Per-Phase  Equivalent  Circuit 

The  per-phasa  equivalent  circuit  is  shown  in  Figure  5 
(Ref.:  3)  and  represents  the  three  major  components  of  the 
motor  which  are  typical  of  both  energy  efficient  and 
standard  motors.  First,  the  stator  is  represented  by 
elements  Rl  and  Ll,  where  Rl  is  the  stator  resistance  and  Ll 
is  the  stator  inductance.  The  input  current  II  is  the  total 
circulating  current  in  the  stator.  Next,  L2  and  R2 
represent  the  magnetizing  inductance  and  core  loss 
resistance  in  the  core.  The  current  12  circulates  in  the 
core.  The  elements  L3  and  R3  represent  the  inductance  and 
resistance  in  the  rotor. 

Po  =  I32(R3(1 -S)/S)  (1 ) 

If  the  values  of  elements  of  the  equivalent  circuit  and  the 
voltage  applied  are  known,  then  the  power  output  and  losses 
of  the  motor  may  be  calculated  using  mesh  equations. 

Derivation  of  the  Mesh  Equations 

The  mesh  equations  are  derived  by  writing  loop 


equations  around  each  loop  of  the  equivalent  circuit  (Figure 


derivatives . 

Figure  6  contains  the  current  symbols  used  in  the  loop 
equations  and  the  computer  simulation. 


Yl  =  11, 

Y2  = 

12, 

Y  3 

=  13 

XI  =  DI1, 

X2  = 

dI2 

X3 

dl3 

dt 

dt 

dt 

V  = 

Input 

Voltage 

Figure  6.  Loop  Equation  Symbols 


The  Loop  equations  are  as  follows: 

V  =  RlYl  +  LlXl  +  L2X1  -  L2X2 
0  =  -L2X1  +  L2X2  +  R2y2  -  R2X3 

0  -  -R2Y2  +  L3X3  +  R3Y3  +  R2Y3  +  R4Y3 

The  equations  are  combined  to  solve  for  the  derivatives 
XI,  X2,  and  X3. 

XI  =  ( -RlYl  +  R2Y2  -  R2Y3  +V)  /II  (5) 

X2  =  (L2R1Y1  /  (LI  +  L2 )  -  L2V/(Ll  +  L2) 

+  R2(Y2  -  Y3 )  )  /  (  ( L22/ ( L1  +  L2 )  )  -L2)  (6) 

X3  =  (R2Y2  -  (R3  +  R2  +  R4)  Y 3 )  /  L3  (7) 

Analog  Configuration 

An  analog  integration  of  equations  (5),  (6),  and  (7)  is 
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used  to  obtain  point  by  point  data  for  the  steady  state 
solution. 


Figures  7  and  8  represent  the  analog  configuration  of 
the  per-phase  equivalent  circuit  as  used  in  the 
analog-digital  simulation.  The  program  for  this  is 
contained  in  Appendix  C. 


Z1  =  Input,  G  =  Gain,  Z2  =  Output 


Figure  8  Per-Phase  Analog  Configuration  for  A 
Wye-Connected  Induction  Motor 
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IV.  Analog-Digital  Simulation  of  the  Induction  Motor  and 

Controller 

This  chapter  gives  a  brief  description  of  the  procedures 
and  computer  programs  used  to  produce  the  data  generated  for 
the  cost  analysis  and  for  the  harmonic  reflected  wave 
shapes.  Figure  9  is  a  mini  flow  chart  showing  the  steps 
taken  to  generate  the  required  data. 

Computation  of  Equivalent  Circuit  Values 

The  equivalent  circuit  values  were  computed  using  the 
program  listed  in  Appendix  A.  Manufacturer's  no  load  and 
full  load  test  data  (Appendix  G)  were  used  to  generate  the 
values  for  the  parameters  of  the  motor  equivalent  circuit 
shown  in  Chapter  III. 

The  program  and  data  were  furnished  by  Dr.  Frederick 
Brockhurst  (Ref.  2). 

Alpha  Angles 

The  same  program  and  reference  data  which  were  used  to 
compute  the  equivalent  circuit  values  were  also  used  to 
compute  the  power  factor  and  Alpha  angle  to  be  used  in  the 
motor  controller  simulation. 

The  Alpha  angle  was  computed  in  subroutine  CONT  which 
uses  an  estimating  parameter  technique.  The  input/output 
data  is  shown  in  Appendix  B. 


Analog-Digital  Integration 

A  program  was  written  to  simulate  the  combined  operation 


V*  v<.  .  *  ,  •  -  -  .  ■ 


of  the  PFC  and  induction  motor.  The  program  (listed  in 
Appendix  C)  is  capable  of  calculating  the  motor  losses  for  a 
variety  of  load  conditions.  This  program  was  used  to 
generate  the  data  required  to  plot  the  reflected  voltage  and 
current  wave  shapes  listed  in  Appendix  D.  The  data  may  also 
be  used  to  determine  harmonic  content  of  the  reflective  wave 
The  performance  of  the  machine  simulation  was  verified 
by  comparing  calculated  values  of  current,  power,  speed, 
efficiency,  and  power  factor  to  manufacturers'  data.  These 
results  are  shown  in  Appendix  G  and  agreed  quite  closely. 

Computation  of  Harmonic  Content  of  the  Reflected  Current 
The  harmonic  content  of  the  reflected  current  was 
calculated  by  using  a  Fast  Fourier  Transform  program  as 
listed  in  Appendix  C. 

A  sampling  of  the  results  of  the  Fourier  Transform  data 


is  shown  in  Appendix  E. 


V.  Cost  Analysis  of  Controller  and  Motor 

This  chapter  introduces  6  possible  cases  for 
motor/controller  configurations.  The  assumptions  that  apply 
to  the  analysis  and  the  method  by  which  the  analysis  was 
prepared. 

The  cost  analysis  is  separated  into  6  possible  cases  for 
the  5  horsepower  and  the  10  horsepower  motors.  Each  case 
uses  a  simple  payback  method  based  on  a  fixed  number  of 
running  hours  per  year,  the  calculated  power  savings  and  the 
estimated  cost  of  the  motor  and  controller. 

Equation  8  shows  the  method  used  to  calculate  the 
estimated  cost  savings  per  year. 

$saved/year  =  hours/year  X  estimated  watts  saved  X 
$cost/kilowatt  hour  X  kilowatt/1000  watts  (8) 

The  following  assumptions  were  used  in  the  above 
equation . 

1.  8760  hours  per  year  was  used  to  show  continuous 
operation.  If  a  motor  does  not  operate  continuously  or 
operates  at  various  loading  then  the  motor  data  shown  in 
tables  A  and  B  may  be  prorated  to  estimate  the  annua] 
savings . 

2.  *$0.06  per  kilowatt  hour  was  used  as  an  average  cost  for 
power.  This  cost  can  be  adjusted  to  fit  the  estimated 


energy  cost  in  a  particular  area  of  the  country. 


3.  A  standard  5  horse  power  motor  costs  $329.00. 

4.  An  energy  efficient  5  horse  power  motor  costs  $370.00. 

5.  A  controller  for  a  5  horse  power  motor  costs  $550.00. 

6.  A  standard  10  horse  power  motor  costs  $505.00. 

7.  An  energy  efficient  10  horse  power  motor  costs  $655.00. 

8.  A  controller  for  a  10  horse  power  motor  costs  $850.00. 
Assumptions  3  through  8  were  based  on  local  vendor  prices 
(1980). 

The  simple  payback  method  is  used  to  show  the  estimated 
payback  in  years.  Once  the  exact  cost  of  a  system  and  power 
is  known  for  a  given  location  and  time  then  a  life  cycle 
cost  analysis  may  be  used.  The  formula  for  the  simple 
payback  method  used  is 

yrs  to  payback  =  system  cost/  cost  savings/  year  (9) 

The  following  6  cases  were  considered: 

1.  The  first  case  is  the  comparison  of  an  energy  efficient 
motor  without  motor  controller  with  a  standard  motor  without 
motor  controller. 

2.  The  second  case  is  the  comparison  of  an  energy  efficient 
motor  without  controller  with  a  standard  motor  with  motor 
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controller. 


3.  The  third  case  compares  an  energy  efficient  motor  with 
motor  controller  with  a  standard  motor  with  motor 
controller . 


4.  The  fourth  case  compares  an  energy  efficient  motor  with 
motor  controller  with  a  standard  motor  without  a  motor 
controller . 


5.  The  fifth  case  compares  a  standard  controlled  motor  with 
a  standard  uncontrolled  motor. 


6.  The  sixth  case  compares  an  energy  efficient  controlled 
motor  with  an  energy  efficient  uncontrolled  motor. 


Each  case  except  #2  and  #3  also  compare  the  simple 
payback  in  years  for  a  new  installation  and  retrofit  for 
each  motor  loading. 

All  of  the  data  and  calculations  for  the  six  cases 
using  5  and  10  Hp  motors  are  shown  in  Appendix  F.  A  portion 
of  the  data  is  shown  below  to  illustrate  the  method  and 
results . 

Table  A  shows  the  energy  savings  (or  less)  for  each  of 
the  six  cases  using  5  Hp  motors.  For  example  case  1  shows 
the  savings  obtained  by  using  an  energy  efficient  motor 
(EEM)  instead  of  a  standard  motor.  Similarly  case  2  shows 
the  savings  obtained  by  using  an  EEM  instead  of  a  controlled 
standard  motor.  Note  that  for  cases  2  the  EEM  is  more 
efficient  down  to  about  half-load,  but  below  half-load  the 


controlled  standard  motor  is  more  efficient.  This  is 
indicated  by  the  negative  signs  for  the  last  three  entries 
in  column  #2.  Note  that  from  column  6,  there  appears  to  be 
little  benefit  from  putting  a  controller  on  an  EEM  unless  it 
is  very  lightly  loaded. 

Once  the  differences  in  wattage  for  the  different  cases 
and  loads  were  known,  equation  8  was  used  to  calculate  the 
annual  dollar  savings  (loss).  Table  B  shows  these  results 
for  the  5  Up  motor.  Again  negative  signs  indicate  that  the 
second  alternative  is  more  economical. 

Finally  the  payback  period  was  calculated  both  for  new 
installation  and  for  retrofit  installations.  Table  C  shows 
the  payback  periods  for  Case  I  using  5  Hp  motors.  For  new 
installations  only  the  difference  in  cost  must  be  repaid, 
while  for  a  retrofit  installation  the  entire  cost  of  the 
motor,  controller  (if  used),  and  labor  must  be  repaid. 

Tables  D  and  E  show  payback  periods  for  the  5  Hp  and  10  Hp 
motors,  respectively,  for  all  six  cases.  Negative  numbers 
in  these  tables  indicate  that  the  option  being  considered 
has  a  higher  operating  cost.  The  details  of  the  exact  cost 
used  to  calculate  the  payback  periods  are  shown  in  Appendix 


Simple  Payback 
Cost/Savings  per  Year 

Standard  $329.00,  Energy  Efficient  370.00 

A=  Cost  =  $41.00,  B=  Cost  =  $370.00  +  20%  =  $444.00 

Installation  Cost 


HP  Load  A  B 


5 

1.22 

yrs 

13.20 

yr 

4.5 

0.80 

yrs 

8.71 

yr 

4.0 

0.60 

yrs 

6.55 

yr 

3.75 

1.22 

yrs 

13.20 

yr 

3.0 

0.65 

yrs 

7.04 

yr 

2.5 

0.66 

yrs 

7.16 

yr 

2.0 

0.67 

yrs 

7.28 

yr 

1.25 

0.69 

yrs 

7.48 

yr 

0.75 

0.69 

yrs 

7.48 

yr 

B=  Retrofit  -  Replacing  Standard  Motor  with  Energy  Efficient 
+  20%  Motor  Cost  Installation 

A=  New  Installation,  Cost  of  Energy  Efficient  vs  Standard 
Motor  based  on  continuous  operation 


Table  C 
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VI.  Conclusions  and  Recommendations 


Conclusions 

The  analog-digital  computer  simulation  of  the  PFC  and 
motors  is  effective  for  generating  the  data  required  for  the 
economic  analysis  of  the  "NOLA"  controlled  motors.  The 
"NOLA  Controller"  showed  an  energy  savings  and  effectively 
controls  the  power  factor  of  motors  operating  at  less  than 
full  load.  Although  it  does  conserve  energy,  the  PFC  does 
not  provide  a  cost  effective  way  to  conserve  energy  at  this 
time  due  to  it's  high  initial  cost. 

The  energy  efficient  motor  proved  to  be  cost  effective 
when  used  in  new  installation  or  scheduled  replacement. 
Retrofitting  with  energy  efficient  motors  for  the  purpose  of 
energy  conservation  is  not  cost  effective. 

No  conclusions  were  reached  about  the  effects  of  the 
higher  harmonics  produced  by  PFC. 

The  wave  shapes  of  che  reflective  waves  were  produced  in 
this  thesis  and  lead  one  to  believe  that  harmonic  problems 
may  be  created  by  the  PFC.  Additional  thoughts  on  this 
subject  are  covered  in  the  recommendation  section  of  this 
chapter . 

Recommendations 

Based  on  the  data  presented  in  this  thesis  and  the  cost 
of  the  PFC,  future  consideration  should  be  given  to  the  use 
of  the  PFC  if  the  initial  cost  decreases.  At  the  present 
time  energy  efficient  motors  should  be  used  in  lieu  of 
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standard  induction  motors. 

The  effects  of  the  higher  harmonics  should  be  explored 
The  areas  of  explanation  should  be  as  listed  below. 

1.  The  effects  of  a  harmonic  dampening  device  (linear 
filter)  used  on  the  line  side  of  the  PFC  using  different 
motor  load  configuration. 

2.  The  effects  the  harmonics  may  have  on  sensistive 
electronic  equipment. 

3.  The  effects  of  the  harmonics  on  a  typical  secondary 
power  distribution  system  versus  motor  size. 
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Appendix  A 


List  of  Input  Variables 

Ml  =  Input  Flag 
’  =  Line  to  Line  Voltage 
IF  =  Full  Load  Current 
'in  =  No  Load  Input  Power 
F  =  Full  Load  Input  Power 
N  =  No  load  Power  Factor 
=  Full  Load  Power  Factor 
=  Full  Load  Horse  Power 
RPM  =  Synchronous  Speed 
RPMF  =  Full  Load  Speed 
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STHROLi;  REFERENCE  R4 P  (R*l) 


Figure  1  0 

Reflected  Voltage  and  Current  Wave  for 
5  Horse  Power  Energy  Efficient  with  ALPHA  ec^ual  0.0 


Power  Energy  Efficient  with  AL: 


Horse  Power  Energy  Efficient  with  ALPHA  equal  0.95 


Reflected  Voltage  and  Current  Wave  for 


Power  Energy  Efficient  with  ALPHA  equal 


Power  Energy  Efficient  with  ALPHA  equal 


Reflected  Voltage  and  Current  Wave  for 
5  Horse  Power  Energy  Efficient  with  ALPHA  1.75 


Horse  Power  Standard  with 


Horse  Tower  Standard  with  ALPHA  equal 


2/2 


AD-A144  798 
UNCLASSIFIED 


COST  EFFECTIVENESS  OF  'NOLfT  CONTROLLED  HOTORS 
INCLUDING  EFFECT  OF  HIGHER  HARMONICS(U)  RIR  FORCE  INST 
OF  TECH  WRIGHT-PHTTERSON  AFB  OH  SCHOOL  OF  ENG I. 

R  D  MCHASTER  DEC  80  AFIT/GE/EE/84S-10  F/G  9/3  Hi 


Horse  Power  Standard  with  ALPHA  equa 


Voltage  and  Current  V/ave  for 


Energy  Efficient  with  ALPHA  e  ;ual 


10  Horse  Power  Standard  with 


0  Horse  Power  Standard  with  ALPHA  equal 


10  Horne  Power  Standard  with  ALFHA  e  .ual 


Stan 


10  Horse  Power  Standard  wd-th  ALPHA  equal 
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Appendix  F 

Calculations  and  Tables 


5  HP 


#1  Energy  Efficient  (uncont)  VS  Standard  (uncont) 

HP  8760  HR/YR  X  _  Watts/HR  X  $. 06/KWH  X  KW/1000  = 

Savings/YR 

5  8760  HR/YR  X  64  W/HR  X  $. 06/KWH  X  KW/1000  W  = 

§33 . 63/YR 

4.5  8760  HR/YR  X  97  W/HR  X  $. 06/KWH  X  KW/1000  W  = 
$50. 98/YR 

4.0  8760  HR/YR  X  129  W/HR  X  $. 06/KWH  X  KW/1000  W  = 

$67. 80/YR 

3.75  8760  HR/YR  X  64  W/HR  X  $. 06/KWH  X  KW/1000  W  = 

$33. 63/YR 

3.0  8760  HR/YR  X  120  W/HR  X  $. 06/KWH  X  KW/1000  W  = 

$63 . 07/YR 

2.5  8760  HR/Yr  X  118  W/HR  X  $. 06/KWH  X  KW/1000  W  = 
$62 . 02/YR 

2.0  8760  HR/YR  X  116  W/HR  X  $. 06/KWH  X  KW/1000  W  = 

$60. 97/YR 

1.25  8760  HR/YR  X  113  W/HR  X  $. 06/KWH  X  KW/1000  W  = 

$59. 39/YR 

0.75  8760  HR/YR  X  113  W/HR  X  $. 06/KWH  X  KW/1000  W  = 

$59. 39/YR 
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5  HP 


Energy  Efficient  (uncont)  VS  Standard  (cont) 


8760  HR/YR  X  Watt/HR  X  $. 06/KWH  X  KW/1000W 


$  /YR 


8760  HR/YR  X  _64  Watt/HR  X  $. 06/KWH  X  KW/1000W 
$33 . 63/YR 

8760  HR/YR  X  151  Watt/HR  X  $. 06/KWH  X  KW/1000W 
$79. 36/YR 

8760  HR/YR  X  108  Watt/HR  X  $. 06/KWH  X  KW/1000W 
$56 . 76/YR 

8760  HR/YR  X  54  Watt/HR  X  $. 06/KWH  X  KW/1000W 
$28 . 38/YR 

8760  HR/YR  X  _T7  Watt/HR  X  $. 06/KWH  X  KW/1000W 
$  40.47/YR 

8760  HR/YR  X  _20  Watt/HR  X  $. 06/KWH  X  KW/1000W 
$  10.51/YR 

8760  HR/YR  X  ^41  Watt/HR  X  $. 06/KWH  X  KW/1000W 
$-21 . 54/YR 

8760  HR/YR  X  ^79  Watt/HR  X  $. 06/KWH  X  KW/1000W 
$-41 . 52/YR 

8760  HR/YR  X  -130  Watt/HR  X  $. 06/KWH  X  KW/1000W 
$-68 . 33/YR 


I 


■r 


£■ 

■> 

& 


S'  VJ%  S  , 


5  HP 

#3.  Energy  Efficient  (cont)  VC  Standard  (cont) 

HP  8760  HR/YR  X  _  Watt/HR  X  $.06/KW  X  KW/1000  W  = 

$/YR 

5  8760  HR/YR  X  _67  Watt/HR  X  $.06/KW  X  KW/1000  W  = 

$35 . 22/YR 

4.5  8760  HR/YR  X  110  Watt/HR  X  $.06/KW  X  KW/1000  W  = 
$57 . 82/YR 

4.0  8760  HR/YR  X  _63  Watt/HR  X  $.06/KW  X  KW/1000  W  = 

$33 . 11/YR 

3.75  8760  HR/YR  X  _47  Watt/HR  X  $.06/KW  X  KW/1000  W  = 

$24 . 70/YR 

3.0  8760  HR/YR  X  __46  Watt/HR  X  $.06/KW  X  KW/1000  W  = 

$24 . 18/YR 

2.5  8760  HR/YR  X  _80  Watt/HR  X  $.06/KW  X  KW/1000  W  = 
$42 . 05/YR 

2.0  8760  HR/YR  X  _ 3  Watt/HR  X  $.06/KW  X  KW/1000  W  = 

$  1.58/YR 

1.25  8760  HR/YR  X  _18  Watt/HR  X  $.06/KW  X  KW/1000  W  = 

$  9.46/YR 

0.75  8760  HR/YR  X  _20  Watt/HR  X  $.06/KW  X  KW/1000  W  = 

$10. 51/YR 
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8760 

#4  Energy  Efficient 

Hr/Yr  x  Watt/ HR 

(cont)  vs  Standard  (uncont) 

x  $. 06/KWH  x  KW/1 000W=$/YR 

HP 

5 

67 

W/HR 

=  $35 . 22/YR 

4.5 

56 

W/HR 

=  $29. 43/YR 

4.0 

84 

W/HR 

=  $44 . 15/YR 

3.75 

57 

W/HR 

=  $29 . 96/YR 

3.0 

90 

W/HR 

=  $47 . 30/YR 

2.5 

178 

W/HR 

=  $93 . 55/YR 

2.0 

161 

W/HR 

=  $84 . 62/YR 

1.25 

209 

W/HR 

=$109. 85/YR 

0.75 

263 

W/HR 

=$138. 23/YR 

X] 


>vvv. 


#5  Standard  (cont)  VS  Standard  (uncont) 

HP  8760  HR/YR  X  _  Watts/HR  X  $. 06/KWH  X  KW/1000  W 

?/YR 

5  8760  HR/YR  X  0  W/HR  X  $. 06/KWH  X  KW/1000  W  = 

$000. 00/YR 

4.5  8760  HR/YR  X  -54  W/HR  X  $. 06/KWH  X  KW/1000  W  = 

$-28 . 38/YR 

4.0  8760  HR/YR  X  21  W/HR  X  $. 06/KWH  X  KW/1000  W  = 

$  11.04/YR 

3.75  8760  HR/YR  X  10  W/HR  X  $. 06/KWH  X  KW/1000  W  = 

$  5.26/YR 

3.0  8760  HR/YR  X  43  W/HR  X  $. 06/KWH  X  KW/1000  W  = 

$  22.60/YR 

2.5  8760  HR/YR  X  98  W/HR  X  $. 06/KWH  X  KW/1000  W  = 

$  51.50/YR 

2.0  8760  HR/YR  X  158  W/HR  X  $. 06/KWH  X  KW/1000  W  = 

$  83.05/YR 

1.25  8760  HR/YR  X  192  W/HR  X  $. 06/KWH  X  KW/1000  W  = 

$100 . 92/YR 

0.75  8760  HR/YR  X  243  W/HR  X  $. 06/KWH  X  KW/1000  W  = 
$127. 72/YR 


#6  Energy  Efficient  (cont)  VS  Energy  Efficient  (uncont) 

HP  8760  HR/YR  X  _  Watt/HR  X  $. 06/KWH  X  KWH/1000W 

$ _ /YR 

5  8760  HR/YR  X  _ 3  Watt/HR  X  $. 06/KWH  X  KWH/1000W 

$  1.58/YR 

4.5  8760  HR/YR  X  ^41  Watt/HR  X  $. 06/KWH  X  KWH/1000W 
$-21 ♦ 55/YR 

4.0  8760  HR/YR  X  ^45  Watt/HR  X  $. 06/KWH  X  KWH/1000W 

$-23 . 65/YR 

3.75  8760  HR/YR  X  _=J_  Watt/HR  X  $.  06/KWH  X  KWH/1 000W 

$  -3.68/YR 

3.0  8760  HR/YR  X  z30  Watt/HR  X  $. 06/KWH  X  KWH/1 000W 

$-15 . 77/YR 

2.5  8760  HR/YR  X  _60  Watt/HR  X  $.  06/KWH  X  KWH/1000W 
$  31.54/YR 

2.0  8760  HR/YR  X  _45  Watt/HR  X  $. 06/KWH  X  KWH/1000W 

$  23. 65/YR 

1.25  8760  HR/YR  X  _97  Watt/HR  X  $. 06/KWH  X  KWH/1000W 

$  50.98/YR 

0.75  8760  HR/YR  X  150  Watt/HR  X  $. 06/KWH  X  KWH/1 OOOW 

$  78.84/YR 


Savings/Year  Based  on  $0.06  KWH 


Wattage  for  (Situation) 


Table 


Simple  Payback 
Cost/Savings  per  Year 

Standard  $329.00,  Energy  Efficient  370.00 

A=  Cost  =  $41.00,  B=  Cost  =  $370.00  +  20%  =  $444.00 

Installation  Cost 

HP  Load  A  B 


5 

1.22 

yrs 

13.20 

yr 

4.5 

0.80 

yrs 

8.71 

yr 

4.0 

0.60 

yrs 

6.55 

yr 

3.75 

1.22 

yrs 

13.20 

yr 

3.0 

0.65 

yrs 

7.04 

yr 

2.5 

0.66 

yrs 

7.16 

yr 

2.0 

0.67 

yrs 

7.28 

yr 

1.25 

0.69 

yrs 

7.48 

yr 

0.75 

0.69 

yrs 

7.48 

yr 

B=  Retrofit  -  Replacing  Standard  Motor  with  Energy  Efficient 
+20%  Motor  Cost  Installation 

A*  New  Installation,  Cost  of  Energy  Efficient  vs  Standard 
Motor  based  on  continuous  operation 

Table  Q 


Situation  #2 


5  HP 

Simple  Payback 
Cost/Savings  Year 

Energy  Efficient  Motor  $370.00  +  20%  Installation  =  $444.00 
Power  Factor  Controller  $550.00  Including  Installation  = 
$550.00 

Standard  Motor  Cost  $329.00 

A  -  New  installation  consider  cost  only  motor/controller 
B  -  Retrofit  standard  motor  with  controller  vs  Energy 
Efficient  motor 


HP  Load 

A 

(B  not 

a  valid  Comparison 

5 

0 

yr 

3.15 

yr 

4.5 

0 

yr 

1.33 

yr 

4.0 

0 

yr 

1.86 

yr 

3.75 

0 

yr 

3.74 

yr 

3.0 

0 

yr 

2.62 

yr 

2.5 

0 

yr 

10.08 

yr 

2.0 

-23.63 

yr 

-4.92 

yr 

1.25 

-12.26 

yr 

-2.55 

yr 

0.75 

-7.44 

yr 

-1.55 

yr 

A.  Cost  = 

Energy  Efficient  Motor  - 

$370.00  +  (standard 

motor  $329. 

00  +  Controller 

$550.00) 

Cost  =  $509 

.00 

B.  -  Energy  Efficient  Motor  +  installation  =  =$444  + 
Controller  Cost  $550  =  +$106  less  to  install  Energy 
Efficient  Motor  than  a  controll 


Table  R 


Situation 


#3 
5  HP 

Simple  Payback 
Cost/Saving  year 

Energy  Efficient  (cont)  vs  Standard  (cont) 

Energy  Efficient  Motor  $370.00 
Controller  $550.00 
Standard  Motor  $329.00 

A  -  New  Installation  -  Consider  Motor/Controller  Cost  only 
Cost  =  ($370  +$550)  -  ($329+550)  =  $41.00 
Cost  =  Cost  of  Energy  Efficient  Motor  +  Controller  Minus 
the  Cost  of  Standard  Motor  +  Controller 


HP  Load  A 


5 

1.16 

yr 

4.5 

0.71 

yr 

4.0 

1.24 

yr 

3.75 

1.66 

yr 

3.0 

1.70 

yr 

2.5 

0.98 

yr 

2.0 

25.95 

yr 

1.25 

4.33 

yr 

0.75 

3.90 

yr 

Table  S 


Situation 


#4 

5  HP 

Simple  Payback 
Cost/Savings  Year 

Energy  Efficient  (cont)  vs  Standard  (uncont) 

A  -  New  Installation  -  Cost  =  (Energy  Efficient  Motor  + 
Controller)  -  (Standard  Motor) 

Cost  =  ($370.00  +  $550.00)  -  ($329.00)  =  $591.00 
B  -  Retrofit  -  Cost  =  Energy  Efficient  Motor  + 
Installation  +  Controller 


Cost  = 

($444.00  +  $550.00)  =  $994.00 

HP  Load 

A 

B 

5 

16.78 

yr 

28.22 

yr 

4.5 

20.08 

yr 

33.78 

yr 

4.0 

13.39 

yr 

22.51 

yr 

3.75 

19.73 

yr 

33.18 

yr 

3.0 

12.49 

yr 

21.00 

yr 

2.5 

6.32 

yr 

10.63 

yr 

2.0 

6.98 

yr 

11.75 

yr 

1.25 

5.38 

yr 

9.05 

yr 

0.75 

4.  28 

yr 

7.20 

yr 

Table  T 

Situation 


#5 

5  HP 


Simple  Payback 
Cost/Savings  Year 

Standard  (cont)  vs  Standard  (uncont) 


A  -  New  Installation  -  Cost  =  Cost  of  Controller 
Cost  =  $550.00 

B  -  Retrofit  -  Same  as  New  Installation 


HP  Load 

A 

B 

5 

No  Savings 

No  Savings 

4.5 

-19.37  yr 

-19.37  yr 

4.0 

49.81  yr 

49.81  yr 

3.75 

104.56  yr 

104.56  yr 

3.0 

24.33  yr 

24.33  yr 

2.5 

10.68  yr 

10.68  yr 

2.0 

6.62  yr 

6.62  yr 

1.25 

5.45  yr 

5.45  yr 

0.75 

4.30  yr 

4.30  yr 

Table  U 


Situation 


#6 

5  HP 

Simple  Payback 
Cost/Saving  Year 

Energy  Efficient  (cont)  vs  Energy  Efficient  (uncont) 

A  -  New  Installation  -  Cost  =  Cost  of  Controller 
Cost  =  $550.00 

B  -  Retrofit  -  Same  as  New  Installation 


Load 

A 

B 

5 

348.10 

yr 

348.10 

yr 

4.5 

-25.52 

yr 

-25.52 

yr 

4.0 

-23.25 

yr 

-23.25 

yr 

3.75 

-149.45 

yr 

-149.45 

yr 

3.0 

-34.87 

yr 

-34.87 

yr 

2.5 

17.44 

yr 

17.44 

yr 

2.0 

23.26 

yr 

23.26 

yr 

1.25 

10.79 

yr 

10.79 

yr 

0.75 

6.98 

yr 

6.98 

yr 

Table  V 


&xmpxe  FayoacK  in  xears 


Wattage  for  (Situation) 


Table 


Situation 


#1 

10  HP 

Simple  Payback 
Cost/Savings  Per  Year 
Standard  $505.00,  Energy  Efficient  $665.00 

A  =  Cost  =  $160.00,  B  -  Cost  =  $665.00  +  20%  =  $798.00 
Installation  Cost 


HP  Load 

A 

B 

10 

1.15 

yr 

5. 

75 

yr 

7.5 

2.14 

yr 

10. 

60 

yr 

o 

• 

in 

3.20 

yr 

15. 

98 

yr 

2.5 

4.83 

yr 

24. 

10 

yr 

A  -  New  installation. 

cost 

of  Energy 

Efficient 

vs 

Motor  based  on  continuous  operation. 

B  -  Retrofit  -  Replacing  Standard  Motor  with  Energy 
Efficient  plus  20%  of  motor  cost  for  installation. 


Table  Z 


Situation 


*2 

10  HP 


Simple  Payback 
Cost/Savings  Year 

Energy  Efficient  motor  $66.00+20%  installation=$798. 00 
Power  Factor  Controller  $850.00  including  installation 
Standard  motor  cost  $505.00 

A-  New  installation  -  consider  only  motor/controller  cost 
B-  Retrofit  standard  motor  with  controller  vs  energy 
efficient  motor 

A-  Cost  *  energy  efficient  motor 
(-$665 . 00+$850 . 00+$505 . 00 ) 

*  $690.00 

B-  Cost  =*  energy  efficient  motor  +  Installation  -  $798.00 
+  Controller  $850.00 


HP  LOAD 

A 

10 

4.97 

yr 

7.5 

5.02 

yr 

5.0 

20.84 

yr 

2.5 

-10.94 

yr 

Table  AA 


Situation 


#3 

10  HP 

Sinple  Payback 
Cost/Saving  Year 

Energy  Efficient  (oont)  vs  Standard  (cont) 
Energy  Efficient  motor  §665.00 
Controller  $850 . 00 

Standard  $505 . 00 

A  -  New  Installation 

Cost  =  ($665.00  +  $850.00)  -  ($505.00  +  850) 

=  $160.00 


HP  Load 
10 

7.5 
5.0 

2.5 


A 

3.27  yr 
1.10  yr 
2.19  yr 
14.49  yr 


Table  BB 


Situation 


*4 

10  HP 

Simple  Payback 
Cost/Saving  Year 

Energy  Efficient  (cont)  vs  Standard  (uncont) 

A  -  New  Installation  -  Cost  =  (Energy  Efficient  Motor 
Controller)  -  (Standard  Motor) 

Cost  =  ($665.00  +$850.00)  -  ($505)  =  $1010.00 
B  -  Retrofit  -  Cost  -  Energy  Efficient  Motor  + 
Installation  +  Controller) 

Cost  =  ($798.00  +  $850.00)  =  $1648.00 


HP  Load 
10 


7.5 


5.0 


2.5 


A 

20.66  yr 
11.50  yr 
11.24  yr 
9.42  yr 


B 

33.72  yr 
18.77  yr 
18.34  yr 
15.37  yr 


Table  CC 


Situation 


#5 

10  HP 

Simple  Payback 
Cost/Savings  Year 

Standard  (cont)  vs  Standard  (uncont) 

A  -  New  Installation  -  Cost  =  Cost  of  Controller 
Cost  =  $850.00 

B  -  Retrofit  -  Same  as  New  Installation 


HP  Load  A  B 


10 

No  Savings 

No  Savings 

7.5 

-14.84  yr 

-14.84  yr 

5.0 

50.56  yr 

50.56  yr 

2.5 

8.84  yr 

8.84  yr 

Table  DD 


Situation 


#6 

10  HP 

Simple  Payback 
Cost/Saving  Year 

Energy  Efficient  (cont)  vs  Energy  Efficient  (uncont) 

A  -  New  Installation  -  Cost  =  Cost  of  Controller 
Cost  =  $850.00 

B  -  Retrofit  -  Same  as  New  Installation 


HP  Load 
10 

7.5 
5.0 

2.5 


A 

-9.45  yr 
67.40  yr 
21.28  yr 
11.47  yr 


B 

-9.45  yr 
67.40  yr 
21.28  yr 
11.47  yr 


Table  EE 


5  Horse  Power  Energy  Efficient 

Comparison  of  the  Manufacturer's  Motor  Performance 
Data  Versus  the  Computer  Generated  Data 


HP  Anps  Watts  Speed  Efficiency  Power  Factor 

(RPM)  (Percent)  (Percent) 


* 

** 

* 

** 

* 

** 

* 

kk 

* 

* 

5.0 

12.3 

12.2 

4288 

4278 

1751 

1748 

87.0 

88.0 

87.4 

87.8 

4.5 

11.3 

10.9 

3424 

3368 

1761 

1760 

87.1 

88.0 

82.9 

84.9 

3.75 

9.9 

9.5 

3214 

3197 

1763 

1763 

87.0 

88.0 

81.5 

84.1 

3.0 

8.3 

8.0 

2586 

2547 

1771 

1771 

86.5 

88.0 

78.0 

79.6 

2.0 

6.4 

6.4 

1775 

1743 

1781 

1781 

84.0 

85.0 

69.1 

68.8 

0.75 

4.9 

4.9 

797 

784 

1792 

1793 

70.1 

70.0 

40.9 

40.2 

*  Manufacturer ' s  Data 
**  Computer  Data 


Table  FF 


5  Horse  Power  Standard 


Comparison  of  the  Manufacturer's  Motor  Performance 
Data  Versus  the  Computer  Generated  Data 


HP  Amps  Watts  Speed  Efficiency  Power  Factor 

(RPM)  (Percent)  (Percent) 


* 

** 

* 

** 

* 

** 

* 

** 

* 

** 

5.0 

7.0 

6.9 

4423 

4342 

1746 

1744 

84.3 

86.0 

78.7 

79.0 

4.5 

6.5 

6.4 

3983 

3882 

1753 

1750 

84.3 

86.0 

76.6 

76.4 

3.75 

5.8 

5.7 

3353 

3261 

1763 

1759 

83.4 

85.0 

72.5 

71.6 

3.0 

5.2 

5.2 

2712 

2668 

1770 

1768 

82.5 

84.1 

65.7 

65.1 

2.0 

4.5 

4.5 

1870 

1870 

1780 

1779 

79.8 

80.0 

52.1 

52.1 

0.75 

3.9 

3.9 

874 

896 

1793 

1792 

64.0 

62.0 

27.7 

28.4 

*  Manufacturer ' s  Data 
**  Computer  Generated  Data 


Table  GG 


10  Horse  Power  Energy  Efficient 

Ccnparison  of  the  Manufacturer's  Motor  performance 
Data  Versus  the  Computer  Generated  Data 


HP  AMPS  Watts  SPeed  Efficiency  Power  Factor 

(RPM)  (Percent)  (Percent) 


10 

* 

24.2 

** 

23.7 

★ 

8354 

** 

8211 

* 

1756 

** 

1753 

* 

89.3 

** 

90.0 

* 

86.7 

** 

86.8 

7.5 

19.5 

18.4 

6275 

6155 

1770 

1766 

89.2 

91.0 

80.7 

83.9 

5.0 

14.7 

13.6 

4246 

4150 

1780 

1778 

87.8 

90.0 

72.7 

76.2 

2.5 

10.6 

9.9 

2222 

2198 

1790 

1789 

83.9 

85.0 

52.8 

55.6 

*  Manufacturer ' s  Data 
**  Computer  Generated  Data 


Table  HH 


10  Horse  Power  Standard 

Comparison  of  the  Manufacturer's  Motor  Performance 
Data  Versus  the  Computer  Generated  Data 


HP  Amps  Watts  Speed  Efficiency  Power  Factor 

(RPM)  (Percent)  (Percent) 


10 

* 

12.6 

** 

12.4 

* 

8533 

** 

8475 

* 

1755 

** 

1753 

* 

87.4 

** 

89.0 

* 

85.2 

** 

85.7 

7.5 

9.9 

9.7 

6427 

6298 

1771 

1766 

87.0 

89.0 

81.3 

81.1 

5.0 

7.7 

7.5 

4329 

4244 

1780 

1778 

86.2 

88.0 

70.4 

71.0 

2.5 

5.8 

5.8 

2314 

2261 

1790 

1789 

80.6 

82.0 

50.4 

48.8 

*  Manufacturer ' s  Data 
**  Computer  Data 
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